consequently receives more effluent than other forages.
agement practices (Robinson, 1996;  Tifton 44 hay in the berseem clover treatment had more DM in 2002 Brink et al., 2003; Rowe and Fairbrother, 2003; McLaugh- hays, however, is restricted to warm summer months.
increased hay yield and nutrient uptake, and berseem clover was as Annual forage DM production and nutrient uptake in good as or better than other treatments.
bermudagrass-based systems may be improved by effectively extending the forage production season. Doublecropping warm-season bermudagrass with cool-season L and application of manures is often regulated acannual forages, which grow during the fall, winter, and cording to soil P levels, or P index (Mallarino et al., spring when bermudagrass is dormant, has been proposed 2002). Characterizations of crop plants and cropping for manure nutrient management systems in the southsystems for P uptake and long-term soil nutrient maneastern USA (McLaughlin et al., 2001; Brink et al., 2003 ; agement have become more important (King et al., 1990; Rowe and Fairbrother, 2003) . Rowe and Fairbrother, 2003) . Pollution problems caused This study examined the effects of overseeding coolby P losses in runoff (Sharpley and Halvorson, 1994) season annual forages on Tifton 44 bermudagrass harcan be reduced by increasing plant uptake of soil-availvested for hay in a field fertilized with swine effluent. able P. Utilization of manure nutrients to replace comThe objectives were to determine total annual N and P mercial fertilizers has focused research on forages (Adremoval in hay harvested from the overseeding treateli et al., 2002; Burns et al., 1990; Sims and Wolf, 1994) . ment plots and to compare overseeding treatments in In the southeastern USA, bermudagrass responds well late-spring harvests of the cool-season forage hays and to the high levels of fertility found in swine effluent and in summer harvests of the Tifton 44 bermudagrass hay. hay field that received applications of swine lagoon effluent. quent nutrient analysis, as described by Brink et al. (2003) . Effluent amounts and total N and P applied in effluent are Plots were on a Mantachie soil (fine-loamy, siliceous, acid, thermic Aeric Fluvaquents) with 0 to 2% slope. The field received shown in Table 2 . Application rates to the experimental plots varied among years at the discretion of the farm manager. anaerobic lagoon effluent and produced summer hay from a well-established stand of Tifton 44 bermudagrass. The Tifton There was no attempt to account for variability in amounts and nutrient concentrations in the effluent; however, differences 44 had been established from sprigs in 1996, and the field had been treated with effluent from June through October each in rainfall, competing fertilization requirements in other hay fields, and the age and nutritional requirements of the pigs, year beginning in 1996. Overhead irrigation with a pressurized spray gun and retracting reel system was used to apply effluent.
were all contributing factors. Experimental plots were 2 by 5 m and were separated and Timing and amounts of effluent applications were determined by the farm manager. Initial soil test nutrient levels were surrounded by 1-m alleys and borders. Overseeding treatments consisting of four cool-season annual forages and a nonovermeasured in the plot area of the hay field at the start of the study in October 1999 (Table 1) . Final soil test nutrient levels seeded control were arranged in a randomized complete block design replicated four times. Overseeding treatments were rewere determined from soil samples collected in each plot in October 2002. Selected soil chemical characteristics, including peated in the same plots each year. Cool-season annuals were berseem clover ('Bigbee'), crimson clover ('Tibbee'), annual P concentration, were determined for each sample using Mehlich-3 extractant (Mehlich, 1984) . Soil NO 3 concentrations were ryegrass ('Gulf'), and winter wheat ('Terral TV8768'). The clovers (22 kg seed ha Ϫ1 ) and ryegrass (34 kg seed ha Ϫ1 ) were determined following methods described by . Rainfall records in the vicinity of the hay field were obtained seeded using an ALMACO drill seeder, and wheat (84 kg seed ha Ϫ1 ) was seeded using a Tye drill. All annuals were from the National Weather Service (Fig. 1) . Although rainfall during the first year of the study was below normal, timely drilled in rows 18 cm apart. Plots were prepared for planting by clipping the bermudagrass at a cutting height of 2.5 cm. effluent applications in September 1999 (0.88 ha cm) and June-September 2000 (6.15 ha cm) served to minimize the efSeeding was done on 16 Nov. 1999 , 12 Oct. 2000 , and 10 Oct. 2001 . A volunteer stand of little barley (Hordeum pusillum fects of the drought. Effluent applications to the plots were collected and measured using four meteorological rain gauges, Nutt.) in the plot area was controlled in 1999 by application of Poast Plus herbicide (13 mL L Ϫ1 applied 8 Dec. with a one placed to collect effluent 20 cm above the soil surface in each block of the experiment. Volumes of four replicate sambackpack sprayer) in all except ryegrass and wheat plots. Little barley made lush growth in the ryegrass and wheat plots in ples were recorded immediately after each effluent application, and the samples were combined and frozen for subseearly spring of 2000 but was prevented from reseeding by Cumulative DM yield data were analyzed using SAS mixed model and general linear models procedures on a balanced Nutrients and complete data set (Littell et al., 1996; SAS Inst., 1990) . protected LSD (P Յ 0.05).
3-yr total 13.91 1097 168 6.5
early harvest of the experimental plots (Fig. 2) and posed no
RESULTS AND DISCUSSION
problem in later years.
Dry Matter Yield
Plots were harvested for hay at 4-to 6-wk intervals beginning in late April (Fig. 2) , except for 2000 when the first harvest Bermudagrass came out of dormancy earlier in conwas made in late March, as described above. All harvesting was trol plots than in overseeded plots, probably due to less done using a sickle-bar mower. First harvests in spring were ground cover and the fact that Tifton 44 starts growth made at a cutting height of 10 cm to permit regrowth of coolearlier in the spring than most bermudagrass varieties season annuals. Subsequent harvests were at a cutting height (Burton and Monson, 1978) . Control plots yielded a mix- (Bremner, 1996) , and P conregrowth after the first harvest. Bigbee produced forage centrations were measured using an inductively coupled argon in late May and early June, later than most other annual plasma emission spectrophotometer following dry ashing, acid clovers (Knight, 1985) . By July, at the time of the third resuspension, and filtration methods described by Brink et al. harvest in the present study, all treatment plots were 
DM ha
Ϫ1 for the control), but the differences were atsummed data from Harvests 1 and 2 (Fig. 2) . Treatment effects tributed to lush growth of little barley in the first harvest on DM yield and nutrient uptake of Tifton 44 bermudagrass (Fig. 3) . Herbicide treatment eliminated the volunteer hay were tested using cumulative data summed from Harvests barley in clover treatment and control plots but could 3 to 5 (Fig. 2) . Cumulative DM yield and uptake or content were also calculated for sequential harvests within each year.
not be used in the ryegrass and wheat plots. This proba- bly contributed toward the interactions of year, treatble increased N available from that fixed by the berseem ment, and harvest observed in initial analysis of the comclover. Crimson and berseem clover have been reported bined data. In 2001, mean total cumulative DM yield to fix from 51 to 188 kg N ha
Ϫ1
, depending on the ex-(11.3 Mg DM ha Ϫ1 ) after five harvests did not differ perimental conditions (Torbert et al., 1996 ; Stout et al., (P ϭ 0.07) between overseeding treatments but showed 1997; Karpenstein-Machan and Stuelpnagel, 2000; Muela trend toward increased DM yield in the berseem clover ler and Thorup-Kristensen, 2001 ). The trend line for mean treatment. In 2002 mean total cumulative yield in bercumulative DM yield of the crimson clover treatment in seem clover treatment plots (9.3 Mg DM ha Ϫ1 ) was 2002 was consistent with this hypothesis although the higher than other treatments, which were 6.7, 6.9, 7.1, crimson and control treatments were not statistically and 7.7 Mg DM ha Ϫ1 for the wheat, control, ryegrass and different (LSD ϭ 0.8 Mg DM ha Ϫ1 ) (Fig. 3) . This possicrimson clover treatments, respectively (Fig. 3) . Despite ble clover-fixed N effect is also suggested by the 2001 potential confounding by variable growing conditions, berseem treatment data (Fig. 3) when effluent-applied most notably rainfall, total DM yield response to total N levels were midrange between the high level of 2000 applied N across years in Tifton 44 control plots was and low level of 2002 (Table 2 ). This effect was not linear (Mg DM ha Ϫ1 ϭ 0.0094 ϫ kg N ha Ϫ1 ϩ 2.8769, apparent in 2000 (Fig. 3) when effluent-applied N was R 2 ϭ 0.99). This observation and the fact that summer highest (Table 2) . High soil N or supplemental N fertilizbermudagrass DM yield in the berseem clover treatment ation are known to suppress N fixation in clovers (Blue in 2002 was higher than the control (Fig. 4) when effluent N applications were lowest (Table 2) suggests possiand Carlisle, 1985) . No other effects on DM yield were detected, indicating no adverse effects of the cool-seaberseem clover provided additional plant-available N, son annual species on the warm-season perennial grass.
which was utilized by the summer grass, and that this effect was most significant when effluent-applied N lev-
Nitrogen and Phosphorus
els were lowest. Mean cumulative uptake of P was higher in the berMean total annual cumulative removal of N was higher seem clover treatment than in the control in 2000 (36 in hays from the berseem clover treatment (180- (Fig. 5) . In 2000, N was less than that (27.1 kg ha Ϫ1 yr
Ϫ1
) reported for beruptake was higher in ryegrass and wheat treatments, seem clover overseeded in common bermudagrass on a but the effect was attributed to the first harvest when Prentiss loam fertilized with swine effluent, which added little barley predominated in these treatment plots. In P at 110 kg ha Ϫ1 yr Ϫ1 (Rowe and Fairbrother, 2003) . 2001 and 2002, after the barley was eliminated in all Total uptake of P in the berseem clover treatment durplots, mean cumulative DM yields in ryegrass and wheat ing the present 3-yr study was 92.3 kg ha Ϫ1 compared treatments were not different from the control. Removal with 83.7 kg ha Ϫ1 in the control. These amounts were of N was greater in berseem clover than in the control 55 and 50%, respectively, of the total P applied in efflutreatment in spring harvests all 3 yr and in the summer harvest in 2002 (Fig. 6) . These results suggest that the ent and are considerably higher than P recovery rates Residual Soil Nitrate and Mehlich-3 Phosphorus present study was, however, considerably lower than Soil test NO 3 levels at the end of the study showed that derived from Brink et al. (2003), who reported P marked reductions compared with levels inside the efuptake of 39 kg ha Ϫ1 yr Ϫ1 for Tifton 44 grown on an fluent-treated area of the hay field at the beginning of Atwood silt loam fertilized with swine effluent, which the study (Fig. 9) . Levels in the treatment plots after added P at 38 kg ha Ϫ1 yr
. The P uptake was higher in the study, although not compared statistically, were not ryegrass and wheat treatments than in other treatments appreciably higher than initial levels in soil outside the in 2000 of the present study, but as with DM yield and effluent-treated area. No differences in soil test NO 3 N uptake, these differences were attributed to little barlevels were found between treatments at any of the soil ley in the first harvest in 2000 and were not observed core depths tested. These results are consistent with low in 2001 or 2002 (Fig. 7) . Unlike the N uptake results, effluent N application in 2002. where increases in berseem N removal appeared to exMehlich-3 soil test P concentrations at the end of the tend from spring into summer harvests (Fig. 6) , increased study showed no differences within the 0-to 5-and 5-to P uptake observed in spring harvests of berseem clover 10-cm cores among berseem clover, crimson clover, conin 2000 and 2002 did not extend into summer grass harvests (Fig. 8) . No treatment differences occurred trol, and ryegrass treatments, but concentrations follow- ing wheat were inexplicably higher than other treatments study. Additional research is needed to document total soil P amounts and movement before reaching conclu- (Fig. 10) . Although untested, one hypothesis for this apparent increase in Mehlich-3 P is that P sequestered sions concerning overseeding treatment effects on total P balance in this waste management system. within wheat roots and stubble in the present study was released into the soil at a different rate (more slowly) than that from other species. This apparent difference
CONCLUSIONS
was not observed in a parallel study containing wheat overseeded in common bermudagrass on a Prentiss sandy Growth of Tifton 44 bermudagrass was not adversely affected by overseeding with any of the cool-season anloam (McLaughlin et al., 2005) , which suggests that for the hypothesis to be correct, the soil type and bermudanual forages tested. Overseeding with berseem clover increased total DM hay yield compared with the nongrass variety may be important contributing factors. No treatment differences in Mehlich-3 P concentrations overseeded control by 8% in 2000 when effluent-applied N was highest (598 kg ha Ϫ1 ), 11% in 2001 when effluentwere found in 10-to 30-cm cores. All treatments showed increases in Mehlich-3 P concentrations in 5-to 10-and applied N was 361 kg ha
Ϫ1
, and 35% in 2002 when effluent-applied N was lowest (138 kg ha Ϫ1 ). These in-10-to 30-cm cores (Fig. 10) , suggesting movement of P deeper into the soil profile during the course of the creases in cumulative annual DM yield were due to 
